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For the study of osmotic phenomena in living cells, and of their per- 
meability to water and to solutes, the eggs of the sea urchin, Arbacia 
punctulata,  have proved to  be  excellent material  (1).  The cells  are 
spherical and of very uniform size; their spherical shape is maintained 
for hours in anisotonic solutions in which the course of volume change 
may be followed from the beginning to equilibrium by measuring ceU 
diameter under the microscope.  However, such direct measurements, 
while accurate, are laborious, and they suffer from the disadvantage 
that they are based upon individual cells which are subject to a certain 
degree of variability.  It seemed desirable therefore to search for a 
method of measurement by means of which the variability of individ- 
ual  cells  would be  averaged  out.  An  adaptation of a  diffraction 
method for measuring small objects, first described by Thomas Young 
(2) in 1813 was found suitable for our purposes.  By this method we 
were able to  measure with satisfactory accuracy the average diame- 
ter of large  numbers of  cells.  Moreover since  measurements can 
be made rapidly and at short intervals of time, the course of swelling 
or shrinking of cells may be followed from beginning to completion. 
There is  the further advantage in  that  the cells  can be  measured 
while in suspension and continuously stirred. 
In the course of testing the method we have performed many meas- 
urements of Arbacia eggs in osmotic equilibrium and during the course 
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of swelling or shrinking in anisotonic solutions, an d  have obtained data 
which considerably extend our previous direct measurements.  Thus, 
we  have  restudied  the  applicability  of  the  Boyle-van't Hoff law  to 
these  cells  and  obtained  more  extensive  data  on  the  amount  of the 
osmotically  inactive  material  which  corrects  total  cell  volume  to 
solvent  volume.  Second,  we  have  reinvestigated  the  kinetics  of 
osmotic volume change and thereby gained further information on the 
permeability  of  the  cell  to  water.  Third,  rate  of  penetration  of  a 
solute (ethylene glycol) has been measured. 
The results of these experiments and a description of the diffraction 
method are reported in this paper. 
Principle of Method 
When a beam of light from a  point source is passed through a  suspension  of 
objects,  appropriate in  size  and  shape,  diffraction of the  light  occurs,  causing 
the  appearance of a  series of concentric bright  rings around  the  image of the 
original light source.  The size of these rings depends upon the size of the objects, 
hence  the  diffraction phenomenon may be used as a  method of measurement. 
Since each individual object contributes to the diffracted light, a single measure- 
ment of the diffraction pattern gives the average size of all of the objects in the 
suspension.  This principle was first applied by Thomas Young (2) in his measure- 
ments of a  great variety of biological  objects such as erythrocytes of different 
animals, pus cells, vegetable cells, wool fibres, and so forth.  In more recent years 
the method has especially been used to measure the diameter of mammalian eryth- 
rocytes by Ponder  (3),  Emmons (4),  Pijper  (5),  Millar  (6),  and  others.  These 
latter studies, and particularly the refinements introduced by Ponder  (3),  have 
led us to apply the diffraction method to measurement of much larger cells, the 
unfertilized eggs of the sea urchin. 
Method 
A satisfactory diffraction pattern is obtained by illuminating a  suspension  of 
sea urchin eggs by parallel monochromatic light from a  slit source.  As viewed 
through a telescope this pattern consists of alternate dark and light bands (minima 
and maxima of intensity) symmetrically arranged on either side of the image of the 
slit.  The angular displacement of a given diffraction band from the central image 
of the slit is determined by setting the cross-hairs of the  telescope upon it and 
reading on a scale the angle through which the telescope has been rotated.  From 
such measurements the average diameter of the objects causing diffraction  may 
be computed. 
MiUar  (6) has shown that the positions of maximum and minimum intensity 
of light within such a diffraction pattern are given by the equation: B.  LUCKI~  ~.  G.  LARRABEE~  AND  H.  K.  HARTLINE  3 
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where d  is the diameter of the objects causing diffraction, x  the wave length of 
light, 0 the angular displacement from the central image of the particular minimum 
or maximum under observation, and  z a  constant characteristic of the particular 
maximum or minimum under observation.  A table of theoretical values of -  may 
be found in Millar's paper (6).  Owing to the relatively large size of Atbacia eggs 
(approximately 75/z in diameter) the angles of diffraction are sufficiently small so 
that for sin 0 one may substitute tan 0, which in the present instrument is propor- 
tional to the scale deflection, s.  Equation (I) therefore becomes 
d.s =  C  (II) 
where C  is a  calibration factor characteristic of each maximum and  minimum. 
FIG. 1.  Diagram of diffraction apparatus. 
The details of the apparatus are shown in Fig. 1.  Light from a  concentrated 
mercury arc (similar to that described by Allen and Ponder  (7)) passes through 
a  liquid filter  1 which absorbs practically all of the light in the mercury spectrum 
excepting the green line (x 5461); an image of the arc is formed by a lens, L1, on a 
vertical slit.  By means of the collimating lens, L2, the light is made parallel as it 
passes through the suspension of the cells.  The telescope lens, La, forms an image 
of the slit in the plane of the cross-hairs which are in the  form  of an  elongated 
X, and which are viewed through an  ocular.  Precautions must be taken  to re- 
duce as far as possible stray light in the optical system.2 
The telescope is rotated about a vertical axis by means of a screw-drive.  The 
image of a horizontal scale, by means of which the angle of rotation is measured, 
1 This filter contains potassium bichromate and a neodymium salt (8). 
2 This  was  accomplished  by  introducing  suitable  diaphragms  to  eliminate 
scattered light; and,  to avoid troublesome reflections from the optical surfaces, 
the  collimating lens and  the  chamber  containing the  cell suspensions were  set 
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is projected onto the plane of the cross-hairs by an auxiliary telescope lens, L4, 
and appropriate mirrors.  A footswitch serves to turn on  the lamp which illumi- 
nates the scale and at the same time doses a shutter at the slit.  This enables the 
observer, after setting the cross-hairs on a diffraction band, to read the deflection 
of the telescope on the scale without moving his eye. 
The chamber in which the cells are suspended is made of plate glass; it has an 
internal thickness of 5 mm. and a capacity of 10 cc.  The suspension is kept gently 
stirred by bubbling moist air up one side of the chamber.  Constant temperature 
is maintained by immersing the chamber in a water bath provided with plate glass 
windows. 
The success of the method depends largely upon obtaining a  well defined dif- 
fraction pattern.  This requires that the sample of cells to be measured be fairly 
homogeneous as to size, and the suspension be of suitable density. 3  The fifth 
minimum (counting from the image of the slit) and the maxima on either side of it, 
i.e. the fourth and fifth maxima, were selected for measurements since they were 
the farthest bands which were always clearly visible.  Satisfactory measurements 
for any of these bands, including setting of cross-hairs and reading of scale, may 
be made at the rate of 10 per minute.  The maximum scatter of the individual 
measurements is usually less than 2 per cent and the average of ten measurements 
has always been found reproducible within 0.8 per cent, usually within less than 
0.5 per cent. 
Calibration.--From  the measurement  of the  diffraction pattern  the  average 
diameter of the cells may be computed by Equation II.  The values of the factor 
C  may either be calculated or obtained directly by measuring the diffraction pat- 
tern from cells of known size.  In the present experiments we have chosen the 
method of direct calibration.  4 
s The eggs from any one female are relatively uniform in size, but there is con- 
siderable variation from  animal  to  animal.  It  is  therefore inadvisable to  use 
mixed lots from different animals. 
The optimum suspension density is best found by trial.  Too few cells do not 
diffract enough light, while too many fog the diffraction pattern.  (Differences 
in suspension density,,  however, produce no detectable change in the positions of 
the diffraction bands.)  In our experiments, where the suspension chamber was 
5 mm.  in thickness, the optimum concentration was approximately 20,000 eggs 
per cc. 
4 Calculation of C, as may be seen by reference to Equations I and II, involves 
the wave length of the monochromatic light used, the scale distance, and the values 
of _z given by MiUar.  We have compared values of C thus calculated with those 
obtained by direct calibration.  The two sets of values agree to within 5 per cent, 
the  values obtained by  direct calibration being consistently higher  than  those 
calculated. B.  LUCY~  M.  G.  LARRABEE~  AND  H.  K.  HARTLINE  5 
TABLE  I 
A representative calibration  experiment.  Samples of Arbacia eggs in equilib- 
rium with five different concentrations of sea water were measured by the diffrac- 
tion  method,  and  directly  under  the  microscope.  Each  scale  reading  of  the 
diffraction pattern is the mean of ten individual  settings  of the cross-hairs; each 
microscope measurement gives the mean diameter of 50 cells.  It is seen that for 
a  given diffraction  band the calibration  factor does not vary significantly  with 
size of the cell. 
Diffraction band 
Concentration of sea water, per cent... 
s  ==  scale reading of diffraction pat- 
tern ............................ 
d  --  microscope  measurements,  in 
~t'G  .......................... 
C =  (s Xd)=  calibration factor, XIO  -4 
C  (Average) ....................... 
Fifth minimum 
100  90  80  70  6C 
734  717  697  660  633 
6.9 79.2 82.5 85.9 90.8 
.645.685.765.67 5.74 
5.70 X  10  ~ 
Fourth maximum 
100  90  80  70  60 
666  644  625  590  566 
6.9 79.2 82.5 85.9 90.8 
.085.105.165.085.14 
5.11  X  10  4 
To this end we have prepared cells of different size by allowing eggs to swell to 
equilibrium  in several different dilutions of sea water.  Measurements  were then 
taken of the diffraction patterns (ten settings  on each band), and fifty cells from 
each sample were measured  directly  by the microscope and filar micrometer.  A 
representative  calibration  experiment  for  the  fifth  minimum  and  the  fourth 
maximum is shown in Table I.  It will be noted that the calibration constant  C 
does not vary significantly with the size of the cells.  The average calibration factor 
is used to compute the average diameter,  in micra, of cells of unknown size from 
measurement  of their diffraction pattern. 5 
Applicability of the Law of Boyle-Van't Ho.ff.  Volume of Osmotically 
Inactive Material 
From evidence presented in a recent review (1) it may be concluded 
that under optimal conditions the volume of a living cell in equilibrium 
with a solution of given osmotic pressure closely obeys the law of Boyle- 
van't Hoff, providing that  cell  volume is  corrected  for  osmotically 
inactive material.  A  cell of volume V, in equilibrium with a  solution 
s Repeated determinations  of the average calibration  factors agreed within 0.4 
per cent for any one observer,  while the values  obtained by the three different 
observers varied less than 1.0 per cent. OSMOTIC  EQUILIBP.IUX~  AND  KINETICS 
of osmotic pressure P, is governed by the relation 
P  (V  -- b) = constant  (III) 
where b is the volume of the osmotically inactive material. 
In the case of the egg of Arbacia we have reported three experiments 
(9), based upon direct measurements,  which showed that  the law of 
Boyle-van't Hoff is obeyed by these cells, and that b occupies on the 
average  11 per cent of the total cell volume (7,  12,  and  13 per cent, 
respectively, in the individual experiments).  Numerous experiments 
with  the  diffraction  method  have  confirmed  our previous  findings; 
at the same time we have obtained more extensive data on the amount 
of the osmotically inactive material. 
In each of the present experiments approximately equal numbers of 
eggs from a  single animal  were distributed  in  200  cc.  quantities  of 
several concentrations of sea water, in which they were kept for from 
3 to 5 hours at a temperature of about 15°C. ~  The bulk of the  super- 
natant  fluid  was  then  removed  to  give  suspensions  of  appropriate 
density,  and  the  cells  were  measured  in  the  diffraction apparatus. 
The average diameter of the cells was computed from the mean values 
of ten settings each on two diffraction bands. 
According to Equation III, which expresses Boyle's law, the volume 
of an osmotic system is a linear function of the reciprocal of the osmotic 
pressure.  In Fig. 2 it is shown that this relation holds for the living 
Arbacia  egg.  Here  the  observed  equilibrium  volumes  from  three 
representative experiments are plotted against  the reciprocals of the 
corresponding  concentrations  (i.e.  osmotic pressures)  of sea waterJ 
Eight additional experiments in which cells were measured in at least 
four concentrations  exclusive of 60 per  cent  sea water  substantiate 
this finding.  The present experiments therefore confirm our previous 
Preliminary experiments had shown that under these conditions cells attained 
osmotic equilibrium. 
There was evidence of injury (slight escape of pigment) in some of the samples 
of cells in equilibrium with 60 per cent sea water.  This injury we attributed to 
the  stirring  of the swollen cells in  the diffraction apparatus.  It  seemed best 
therefore to exclude all equilibrium volumes obtained in this concentration from 
the computations, though they are recorded in the graph. B.  LUCK~  M.  G.  LAKRABEE~ AND  H.  K.  HARTLINE 
4~ 
J~ 
I 
/.0 
I 
L/ 
I  I 
/.3 
/ 
I 
/.4 
I 
/.S 
I 
0 
I 
/.7 
FIG.  2.  Results of  three  representative equilibrium  experiments.  Volumes as 
ordinates in hundreds of cubic micra are plotted against reciprocals of concen- 
trations of sea water (concentration of ordinary sea water  =  1.0).  In each experi- 
ment the line through the observed points is that  computed by the method of 
least squares for the first four points, the volumes corresponding to 60 per cent 
sea water  (1  =  1.67)  having been neglected because in  some experiments  this 
C 
concentration appeared to produce injury.  The volumes of osmotically inactive 
material in these experiments are, respectively, 271,348, and 282  X  10  ~ ~8. 8  OSMOTIC  EQUILIBRIUM  AND  KINETICS 
conclusions that osmotic volume changes of the Arbacia egg  follow 
the course predicted by the law of Boyle-van't Hoff. 
From a graph such as shown in Fig. 2 may be found the volume, b, 
of the osmotically inactive material; in a  given experiment b is the 
intercept of the graph with the axis 1  _-  0  (this extrapolation is not 
c 
shown in the graph).  We have mad¢ in all twenty determinations of 
b on egg cells from different urchins.  The values obtained range from 
6 to 20 per cent of the initial volume of the egg, with twelve of the 
determinations lying between 10 and 14 per cent.  The average for all 
twenty experiments is 12 per cent; this is in good agreement with the 
value of 11 per cent found previously. 
To test the reliability of the method and the consistency of the 
results four of the above experiments were done in duplicate.  In each 
pair of determinations the observed volumes were in close agreement, 
the greatest difference corresponding to a  difference in diameter of 
0.5 micra; the duplicate values of b were:  11 and 7, 9 and 12,  20 and 
19, and 16 and 18 per cent of initial volume.  These figures indicate 
that the value of b may be appreciably affected by slight experimental 
errors, but we believe that the observed differences in the amount of 
b, ranging from 6 to 20 per cent, probably represent significant varia- 
tions  in  the amount of osmotically inactive material in  eggs  from 
different animals. 
Kinetics of Osmosis.  Permeability of the Cell t'o Water 
In previous studies of the course of osmotic swelling and shrinking, 
measurements of individual cells were made at intervals of 1 minute; 
in  order to obtain  reliable averages it was frequently necessary to 
repeat such experiments a  number of times  (10).  It is one of the 
advantages of the diffraction method that the average size of large 
numbers of cells may be obtained rapidly and with satisfactory accu- 
racy; also, these cells may be kept in suspension and  stirred constantly 
during the experiments. 
The application of the method to the course of volume change during 
endosmosis is as follows.  As the first step the average size of the cells 
in 100 per cent sea water is determined as has already been described. 
A concentrated suspension of the same cells is then mixed with diluted B.  LUCI~  M.  G.  LARRABEE~  AND  H.  K.  HARTLINE 
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FIG. 3.  Measurement by diffraction method of cells swelling in 60 per cent sea 
water.  Ordinates are readings on the scale of the position of the fourth maximum, 
for which the calibration factor is 5.11  ×  104.  The experiment is in duplicate. 
The small circles represent individual readings at intervals of 10 seconds; the large 
circles are averages of these points for each minute.  It wiU be noted that in 
accordance with Equation II, the scale readings diminish as the cells increase in 
size. 
sea water in such proportion that the final suspension will be one of 
appropriate density in a  known concentration of sea water?  This 
suspension is quickly introduced into the chamber of the apparatus 
and change in size of the cells is followed by making readings of the 
s By this means initial size of a given sample of cells may be obtained prior to 
measuring the same sample during the course of swelling or shrinking.  This is 
not feasible in direct measurements based upon  small numbers of cells.  As a 
matter of fact the number of cells measured by the diffraction method is so large 
that no significant error is introduced if initial size and course of volume changes 
are determined with different samples of cells from the same animal. 10  OSMOTIC EQUILIBI~IUTff  AND  Y~IN~TICS 
diffraction  pattern  at  intervals  of  10  seconds.  A  representative 
experiment illustrating swelling of Arbacia  eggs in  60  per  cent  sea 
water is shown in Fig. 3.  In this figure the scale readings of the posi- 
tion of a diffraction band are plotted as ordinates against the time as 
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FIG. 4.  Comparison  of curves of swelling of cells measured in 60 per cent sea 
water directly under the microscope (open circles) and by the diffraction  method 
(solid circles).  The two curves are approximately parallel. 
abscissae.  The course of swelling is followed in duplicate for 9 min- 
utes.  The  small  circles  give  the  individual  readings;  minute  by 
minute averages of these points are represented by the large  circles. 
For comparison with the direct method the minute by minute averages 
may be converted to volumes and plotted in the more usual manner. B.  LUCK~,  M.  G.  LARKABEE, AND  H.  K.  HARTLINE  11 
Such a  plot is shown in Fig. 4,  which also gives a  swelling curve ob- 
tained by direct measurements of cells  from the same animal.  It is 
~1300 
..~00 
J/dO 
JO0o 
"~ 
d 
A 
0 
50 
60 
70 
d',¢O0 
.M'J.fJ.O  I  ~.  J  4  5  ~  7  8  q 
T.L~e 
FIG. 5.  Curves of swelling of cells in three different concentrations (S0, 60, and 
70 per cent) of hypotonic sea water.  Duplicate measurements are shown for each 
concentration. 
seen  that  the  two  curves  are  closely parallel.  The  comparatively 
slight constant difference between the two curves, corresponding to a 12  OSMOTIC  EQUILIBRIUM  AND  KINETICS 
diameter difference of less than 1 micron, is readily accounted for since 
the  microscope measurements  (lower  curve)  represent  the mean of 
only 10 cells,  while the upper curve, based on the diffraction method, 
represents the mean of approximately 200,000  cells. 
The rate of swelling of cells in hypotonic sea water of three different 
concentrations is illustrated in Fig.  5.  For each concentration the 
experiment was done in duplicate; the minute by minute averages are 
plotted separately.  The duplicate measurements are in satisfactory 
agreement; the difference in rate of swelling in the several concentra- 
tions is dearly brought out. 
In  addition  to  experiments  on  swelling  of  cells,  "the  diffraction 
method has also been found to be equally applicable in the study of the 
reverse process, exosmosis. 
Calculation of Permeability 
Permeability of the cell to water has been defined as the amount of 
water that enters or leaves the cell per unit of time, per unit of cell 
surface, and per unit of osmotic driving force.  As has been shown in 
previous papers (10,  11) permeability may be computed from volume 
curves,  9 such as are shown in  Figs. 4 or 5.  Permeability values for 
If it be desired to compute permeability from the slopes of swelling curves 
directly, without resorting to the use of an integrated equation, it is convenient 
to use the diffraction measurements without transforming them into volumes. 
The determinations may then be made from curves such as shown  in Fig. 1.  The 
differential  equation for the volume curve is 
~V/s  K  f  -d /  " (P  -  P'A 
dV 
where -~- is the rate of passage of water in cubic micra per minute, S the cell 
surface in square micra, P the osmotic pressure of cell contents, P~z the known and 
constant osmotic pressure of the outside solution, and K is defined as the per- 
meability.  Substituting for V and S their equivalents expressed in scale readings: 
f  0 
V~  --om 
6 
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swelling at 22°C. in 50, 60, and 70 per cent sea water were obtained in 
eighteen experiments by the diffraction method.  These values ranged 
from 0.087 to 0.125, with an average of 0.106 cubic micra per minute, 
per square micron of cell surface, per atmosphere difference  in osmotic 
pressure.  As in previous experiments permeability was found to be 
independent of the external concentration.  For  comparison, eleven 
determinations of permeability by direct microscope measurements 
were made at approximately the same temperature as had been used 
in the diffraction method; the values ranged from 0.089 to 0.127; their 
average of 0.104 agrees with the average of the swelling experiments. 
Three experiments by the diffraction method on shrinking from 60 to 
92 per cent sea water yielded values of permeability of 0.126; 0.124; 
0.130.  These recent determinations of permeability are in good agree- 
ment with the values previously reported. 
Determinations  of Permeability  to a Solute  (Ethylene Glycol) 
Jacobs  (12) has  described a  quantitative  method by  which cell 
permeability to a solute as well as to solvent may be measured.  Briefly 
stated, the test cells are placed in a  medium made by dissolving a 
6n 
S  ~  f*  - 
$2 
(where s is the scale reading of the diffraction band and C the appropriate calibra- 
tion factor) we obtain 
K  ---  -  a-i  "  (e  -  p.,) 
If, for example, permeability is to be determined graphically at the third minute, 
ds 
s is the scale reading at the instant and -~ the slope of the curve at this point. 
P may be computed from the scale reading according to the equation 
so being the initial scale reading given by the cells in equilibrium with solution of 
osmotic pressure Po.  (This is in  accordance with Equation III, neglecting b.) 
This is the procedure that  has been used in  most of the  computations of per- 
meability in this paper. 14  OSM'OTIC EQUILIBIIIU~  AND  KINETICS 
desired quantity of the penetrating solute in an appropriate isotonic 
solution;  (in  the present case 0.5  ~  ethylene glycol is  dissolved  in 
ordinary sea water).  Such a solution is at first hypertonic with respect 
to the egg cell and hence causes shrinkage, but as the solute becomes 
distributed between cell and outside solution,  the egg returns to its 
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Fz6. 6.  Course of shrinkage and subsequent swelling of cells placed in a solution 
of 0.5 ~  ethylene glycol in sea water.  Volumes corresponding to determinations 
made at intervals of 10 seconds are plotted as small circles; the large circles repre- 
sent the minute by minute averages of these points. 
original size.  One of the applications of this method which has been 
made by Stewart and Jacobs (13, 14) is the study of the permeability 
of the Arbacia egg to ethylene glycol.  These cells when transferred 
from ordinary sea water to a  solution of 0.5 ~  ethylene glycol in sea 
water rapidly shrink, reach a  minimum volume of approximately 80 
per cent of their initial size in 2 to 3 minutes, and then slowly swell B.  LUCK~,  M.  G.  LAP,_RABEE, AND  H.  K.  HARTLIN'E  15 
to the original volume.  The data required for computation of perme- 
ability to ethylene glycol are initial size, minimum volume attained, 
and time of attaining this minimum.  Stewart and Jacobs have fol- 
lowed the course of these volume changes by direct measurements of 
individual cells.  As they point out, the greatest difficulty encountered 
in  connection with this procedure is  accurate determination of the 
initial size of the particular cell whose volume changes are  to be rol- 
l'owed.  This difficulty may be avoided by obtaining the average of 
large numbers of cells by means of the diffraction method. 
TABLE  II 
Permeability of the Arbacia egg to ethylene glycol.  Summary of four experi- 
ments.  Volumes are stated in hundreds of cubic micra.  In the last column are 
given the values of the permeability.  These values indicate that on the average 
4  X  10  -15 mols of ethylene glycol pass through each square micron of cell surface, 
per minute at a  concentration difference of 1 tool per liter and a temperature of 
24°C. 
Experiment 
Mo_~n.. 
Initial  volume 
2433 
2178 
2169 
2154 
2234 
Minimum 
volume 
1979 
1788 
1750 
1781 
1824 
Time 
to minimum 
volume 
m/n. 
2.50 
2.50 
2.83 
2.28 
2.53 
V min. 
Vo 
0.813 
0.821 
0.807 
0.827 
0.817 
Permeability  to 
ethylene  glycol 
X 10~ 
3.9 
4.1 
3.3 
4.7 
4.0 
We have performed four experiments on the permeability of the 
sea urchin eggs to ethylene glycol as follows.  A sample of eggs in 100 
per cent sea water is measured; this gives the initial average size.  The 
suspension is allowed to settle and these same eggs are then transferred 
to an appropriate solution of ethylene glycol in sea water  (the final 
concentration being 0.5 ~  ethylene glycol in sea water).  The course 
of volume changes is then followed. 
A  representative  experiment  is  shown  in  Fig.  6.  The  volumes 
corresponding to the individual scale readings made at intervals of 10 
seconds are represented by the small circles; the large circles give the 
average of these points minute by minute.  The curve resembles that 
published by Stewart and Jacobs  (13).  The significant data of four 16  OSMOTIC  EQUILIBRIUM  AND  KINETICS 
experiments together with the computed values of the permeability are 
recorded in Table II (for details of computation see (12)).  The mean 
value of permeability of the cells to ethylene glycol in  these experi- 
ments is 4.0  ×  10 -15, at  24°C.;  that is to say, 4.0  ×  10 -1~ mols of 
ethylene glycol enter the cell per minute through each square micron 
of surface at a concentration difference of 1 mol per liter.  This is in 
good  agreement with  the mean  value  of 4.3  ×  10  -15  obtained  by 
Stewart and Jacobs at this temperature by direct measurements of 23 
individual cells.  1°  (See Table 1 (14).) 
S~AR¥ 
1.  Osmotic equilibrium and kinetics of osmosis of living cells (unfer- 
tilized eggs of Arbacia punctulata) have been studied by a diffraction 
method.  This method consists of illuminating a  suspension of cells 
by parallel monochromatic light and measuring, by means of telescope 
and scale, the angular dimensions of the resulting diffraction pattern 
from which the average volume of the cells may be computed. 
The method is far less laborious and possesses several advantages 
over direct measurement of individual cells.  The average size of a 
large number of cells is obtained from a  single measurement of the 
diffraction pattern  and  thus  individual variability is  averaged out. 
The observations can be made at intervals of a few seconds, permitting 
changes in volume to be followed satisfactorily.  During the measure- 
ments the cells are in suspension and are constantly stirred. 
2.  Volumes of cells in equilibrium with solutions of different osmotic 
pressure  have  been  determined.  In  agreement  with  our  previous 
experiments, based  upon direct microscope measurements, we have 
confirmed the applicability of the law of Boyle-van't Hoff to  these 
cells; that is to say, the product of volume and pressure has been found 
to be approximately constant if allowance be made for the volume of 
osmotically inactive material of the cell contents. 
The volume of osmotically inactive material was found to be, on the 
average,  12 per cent of the initial cell volume; in eggs from different 
animals this value ranged from 6 to 20 per cent. 
to This figure is based upon values obtained at temperatures between 23.5 and 
24.4°C.  (See  Table 1 of paper by Stewart and Jacobs (14).) B.  LUCK~, M.  G.  LARRABEE, AND  H.  K.  HARTLINE  1~ 
3.  Permeability  to  water  of  the  Arbacia  egg  has  been  found  to 
average, at 22°C., 0.106 cubic micra of water per square micron of cell 
surface, per minute, per atmosphere of difference in osmotic pressure. 
4.  Permeability to  ethylene glycol has been  found to  average,  at 
24°C., 4.0 ×  10 -1~ tools, per square micron of cell surface, per minute, 
for a concentration difference of 1 tool per liter.  This is in agreement 
with the values reported by Stewart and Jacobs. 
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